The aim of this study was to determine the impact that age and comorbidity status have on both overall and bladder cancer-specific survival of bladder cancer patients. We obtained medical information pertaining to a population of 528 patients with newly diagnosed bladder cancer from Chung-Ang University Hospital cancer registry. The Adult Comorbidity Evaluation-27 (ACE-27) test, which has been previously validated in adult cancer patients, was used to assess comorbidity. We evaluated differences in the demographic and clinical characteristics of included patients, as well as differences in the treatments they received after categorizing them by age. The median age at the time of bladder cancer diagnosis of the entire cohort was 63 years, and the median follow-up time was 97 months. Of the 528 patients who were included in our study, 303 had at least one comorbid condition and 249 died during the follow-up period. When patients were stratified by age, we found that older patients had a higher proportion of severe comorbidities (P < 0.01) than younger patients, and that a lower proportion of them underwent radical cystectomy for invasive bladder cancer (IBC) (P < 0.01). By multivariate analysis, we found that older age was predictive of lower overall survival (OS) and bladder cancer-specific survival (BCSS) rates among patients with superficial bladder cancer (SBC) and of lower OS rates among patients with IBC. We also found that moderate-severe comorbidity status and treatment through a bladder-conserving approach were predictive of lower OS and cancer-specific survival rates among patients with IBC. The disparity between overall deaths and bladder cancer deaths was shown in SBC and increased along with age and higher comorbidity. Age and comorbidity were found to be independent predictive factors of OS and BCSS among bladder cancer patients, and explained the disparity that we observed between overall bladder cancer-specific mortality rates.
Introduction
Age and comorbidity have been shown to be associated with overall and disease-specific outcomes in various types of cancer. Although previous studies have tended to focus on gross and microscopic tumour characteristics for predicting the prognosis of bladder cancer patients, patients' overall health status often impacts survival as well [1, 2] . Like many other neoplasms, bladder cancer is a disease that increases in incidence with age. The National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) programme estimates that 89% of bladder carcinoma patients are 55 years of age or older at the time of diagnosis and that the median age at the time of diagnosis for both 767 npg men and women is 73 years [3, 4] . This older patient population is more likely to have preexisting diseases because of their age. Moreover, bladder cancer is strongly associated with smoking and increased dietary fat intake, both of which are associated with multiple types of medical comorbidity [5, 6] . Therefore, it is not surprising that patients with bladder cancer often have significant comorbidities, such as cardiovascular, cerebrovascular and/or pulmonary disease [7] .
Although these associations have yet to be fully explained, in previous studies, the statistical methods that were used to calculate bladder cancer-specific survival (BCSS) did not adjust for competing risks, that is, death unrelated to bladder cancer without previous evidence of disease progression [1, 2] . As a result, the calculated BCSS rate differed from the overall survival (OS) rate, which poses a problem when there is a large amount of censoring.
In this study, we sought to determine the association between two demographic characteristics (age and comorbidity), OS and BCSS using competing risk analysis. The goal of this study was to determine whether or not age and comorbidity status provided important independent prognostic information for patients with bladder cancer after controlling for morphological (stage and grade of tumour) and demographic (gender) variables. Our primary end points were OS and BCSS. We investigated these end points in the entire cohort, as well as in two subgroups, namely, patients with superficial bladder cancer (SBC) and those with invasive bladder cancer (IBC). Our overall goal was to determine the association that age and comorbidity had with OS and BCSS using competing risk analysis. In addition, we sought to investigate the differences in OS and BCSS rates among patients with SBC and IBC after stratifying by age and comorbidity status.
Materials and methods

Chung-Ang Hospital Urologic Oncologic Data Services
After obtaining institutional review board approval, we reviewed the clinical and pathological data of 709 patients who were seen at Chung-Ang University Hospital between 1981 and 2007 for newly diagnosed bladder cancer. The Chung-Ang University Hospital Urologic Oncology Data Service is an electronic database that includes data on patients who were diagnosed or treated at our institution for a urological malignancy.
From the 709 patients who were identified from the database, we excluded 43 patients who did not have comorbidity information, 13 patients who did not have pathological or clinical tumour stage information available, 47 patients who did not have a history of transitional cell carcinoma (specifically, we excluded patients with sarcomas, adenocarcinomas and squamous cell carcinomas), 53 patients who did not have followup data available and 25 patients who had been diagnosed with carcinoma in situ. This resulted in a final study population of 528 patients.
Patient characteristics and comorbidities
The data collected were standard tumour registry data points such as the following: (1) date of diagnosis; (2) demographic information; (3) tumour morphology; and (4) nodal spread at the time of presentation or initial therapy. The Adult Comorbidity Evaluation-27 (ACE-27; available online at http://oto.wustl.edu/ clinepi/comorbid.html) is a 27-item comorbidity instrument that has been validated for use in adult oncology patients [8] . Comorbidities were defined as preexisting medical conditions that were present at the time of cancer diagnosis, including previous or synchronous cancers. The ACE-27 was used to grade the severity of specific diseases and conditions on a scale of 1-3 (grade 1, mild; grade 2, moderate; and grade 3, severe). The grading is based on the severity of organ decompensation and the prognostic impact that comorbid condition had.
Once the patient's individual diseases and comorbid conditions had been classified, an overall comorbidity score (none, mild, moderate or severe) was assigned based on the highest-ranked single ailment. In cases in which two or more moderate ailments occurred in different organ systems or disease groupings, the overall comorbidity score was designated as severe.
Surgical and pathological parameters
Surgical and pathological parameters were obtained from patients' medical records. The surgical parameters that were recorded included the type of surgical procedure that was performed. Pathological parameters were recorded according to the 2004 American Joint Committee on Cancer (AJCC)/Union International Contre le Cancer Tumor-Node-Metastasis (TNM) Pathology Reporting Protocol (6th edition), which were reviewed by a pathologist and included both TNM and AJCC stage. Grading was performed at the time of surgery on the basis of either the World Health Organization/In-npg ternational Society of Urological Pathology consensus classification or the 1965 classification system [9, 10] . Given that different grading systems were used during our study period, we standardized the grade by classifying it into high-and low-grade for analysis. Follow-up was obtained for all patients in the database by medical record review, sending letters of enquiry to patients and querying the Social Security Death Index.
Statistical analysis
We used the SPSS software package version 14.0 (SPSS Inc., Chicago, IL, USA) for our statistical analyses. The patients were stratified according to age at diagnosis into the following three groups: (1) < 60 years old; (2) 60-69 years old; and (3) > 69 years old. χ 2 analysis was used to evaluate differences in the distribution of demographic, clinical and treatment characteristics across the patient age categories. The cumulative incidence functions (CIFs) or the probability of experiencing an event by the time of death from any cause were estimated using the Kaplan-Meier method. The CIFs for both bladder and nonbladder cancer deaths were estimated using the competing risks method. The CIF for overall death in each group is the sum of the corresponding CIFs of bladder cancer and nonbladder cancer deaths. The log-rank test was used to compare the distribution of the CIFs for all-cause mortality and bladder cancer-specific mortality across patient groups. For each cohort that was studied, all predictor variables were entered into a single multivariate model (Cox proportional hazard analysis). All P-values < 0.05 were considered statistically significant.
Results
Distribution of demographic, clinical and treatment characteristics according to patient age
The median age at the time of diagnosis for the entire cohort was 63 years and the median follow-up time was 97 months. Of the 528 included patients, 303 had at least one comorbid condition and 249 died during the followup period. When these patients were stratified by age, we found that in the oldest group of patients (> 69 years), the proportions of female patients (P < 0.01) and patients with severity comorbidities (P < 0.01) were higher than the other study population, but that the incidence of radical cystectomy for the treatment of IBC (P < 0.01) was lower than that of the other study populations (Table 1) . However, the distribution of pathological stage and histological grade did not differ by age group (Table 1) . Table 2 shows the incidence of comorbid conditions in the study population. The most common conditions were cardiovascular disease (42.0%), endocrine disease (38.1%) and respiratory disease (12.9%). Although the incidence of comorbidity was similar between age groups, the severity of comorbidity was higher (P < 0.01) in older patients than in younger ones (Table 1) . Table 3 shows the results of the univariate Cox proportional hazard regression analysis that we performed to examine the association that age, comorbidity and other variables had with OS and BCSS in the entire cohort, patients with SBC and in patients with IBC. Compared with patients < 60 years of age, older age was associated with a decreased OS rate (entire cohort: 60-69 years old, P < 0.001 and > 69 years old, P < 0.001; SBC: 60-69 years old, P < 0.001 and > 69 years old, P < 0.001; and IBC: 60-69 years old, P = 0.088 and > 69 years old, P < 0.05). In addition, patients > 69 years of age had a decreased BCSS as compared with patients < 60 years of age (entire cohort: P < 0.01; SBC: P < 0.01; and IBC: P < 0.05). Compared with patients with no comorbid conditions, moderate-severe comorbidity was associated with decreased OS (entire cohort: P < 0.001; SBC: P < 0.01; and IBC: P < 0.05) and BCSS (entire cohort: P < 0.001; IBC: P < 0.05). In addition, adverse pathological stage and tumour grade were associated with decreased OS and BCSS in all three patient groups (that is, the entire cohort, patients with SBC and patients with IBC). Table 4 shows the results of the multivariate Cox proportional hazard regression analysis that we performed to examine the association of age, comorbidity and other variables with worse OS and BCSS among patients with SBC and IBC. In the multivariate model, older age was predictive of worse OS and worse BCSS among patients with SBC. It was also associated with worse OS among patients with IBC. In addition, we found that moderate-severe comorbidity status and a bladder-preserving treatment approach were both predictive of worse OS (HR 2.06, 95% CI 1.15-3.71 and HR 2.08, 95% CI 1.17-3.70, respectively) and worse BCSS (HR 2.03, 95% CI 1.11-3.73 and HR 1.92, 95% CI 1.03-3.58, respectively) among patients with IBC. Figure 1 shows the CIFs for all-cause and bladder cancer-specific deaths stratified by age among patients with SBC and IBC. Log-rank analysis revealed a disparity in the CIF between all-cause and bladder cancer-specific deaths for all age groups. This disparity increased as age increased among patients with SBC, Figure 2 shows the CIFs for all-cause and bladder cancer-specific deaths stratified by comorbidity status among patients with SBC and IBC. Log-rank analysis revealed a disparity in the CIF between all-cause and bladder cancer-specific deaths among patients in all comorbidity groups. This disparity increased with comorbidity severity among patients with SBC, but there was no disparity between comorbidity groups among patients with IBC.
Univariate analysis examining the association between multiple variables and OS and CSS
Multivariate analysis of variables associated with OS and CSS in SBC and IBC
The disparity in CIF between overall deaths and bladder cancer deaths
Discussion
The management of any disease is guided by many factors, including the risk of morbidity and mortality from the disease, as well as the likely success of and anticipated morbidity and mortality of the therapy. Age npg and comorbidity status are important factors to consider in almost all patients with cancer, as they both clearly have an impact on the diagnosis, treatment and consequently, on the outcome of these patients. In oncology, it is well recognized that age and comorbidity are inversely related to the treatment intensity that is delivered [11] . However, this is based on the assumption that the assessment of comorbidity and age that clinicians use is accurate, and that both these factors are independently related to long-term patient outcome (that is, survival) and have a direct bearing on management decisions that must be made for the patient's specific type of cancer. Age and comorbidity can impact both OS and BCSS among bladder cancer patients either directly (that is, by causing death of the patient) or indirectly (that is, by limiting treatment options). Increased perioperative complications and less aggressive treatment have both often been considered to be possible links between comorbidity status and patient outcome [12] .
In the current study, we sought to determine the impact of age and comorbidity on the survival rates of bladder cancer patients. By multivariate analysis, we found that older age is a predictive factor of worse OS and BCSS among patients with SBC and worse OS among patients with IBC.
The higher mortality rates that we observed among older patients can be explained by several factors. In bladder cancer patients < 40 years of age, tumours tend to have a well-differentiated histology and behave in a more indolent fashion. In addition, in contrast to bladder tumours that occur in older individuals, they tend not to recur [13] [14] [15] . Furthermore, the molecular and genetic aberrations that are present in the bladder tumours of younger patients do not share the fairly close correlation with histological grade and clinical behaviour that is seen in the urothelial tumours of middleaged and elderly patients [15] . This may indicate that bladder cancer usually occurs from a series of molecular aberrations, many of which are present as part of a background of genetic instability that occurs with aging, on which the signature genetic abnormalities that have been well described (for example, mutations inactivating p53) arise over time. Thus, by the time patients have reached older age, these signature genetic events would have occurred, leading to more aggressive tumours. In addition, elderly patients have more unfavourable survival within a given disease stage. This may ultimately be a reflection of decreased host immunological and defence factors, more aggressive tumour patterns and greater treatment resistance (for example, 772 npg the worse tumour response that is seen to intravesical bacillus Calmette-Guérin [BCG] therapy among older patients). Several studies have reported that aging seems to be associated with a decreased response to intravesical immunotherapy, which is particularly marked in patients > 80 years [16, 17] .
Another explanation for the higher mortality rates that are seen in older patients is that the diagnosis of bladder cancer is likely to be delayed more often among these patients than it is among younger patients. This factor is probably both physician-and patient-related [18] . The elderly also often have multiple medical comorbidi- npg ties that may influence the treatments that are offered (by medical care providers) or that are eventually chosen (by patients), in that more effective yet often more aggressive treatment options tend not to be chosen [18, 19] . In our study, when the group of patients was stratified by age, the proportion of severe comorbidities increased and the incidence of radical cystectomy for the treatment of IBC decreased among older patients. This finding is particularly interesting because when we examined the distribution of pathological stage, we found that it had no difference between the three age groups. Several studies have shown that radical cystectomy can be performed safely in selected older patients with minimal impact on their functional status or morbidity and mortality rates [20, 21] . However, age and comorbidity are clearly associated with treatment selection for patients with bladder cancer. Prout et al. [11] evaluated treatment patterns among patients with bladder cancer in the SEER database and found that older patients and patients with a higher comorbidity status were less likely to undergo radical cystectomy than younger, healthier patients. This finding held true even among patients with invasive disease. There were no significant treatment differences noted with regard to age among patients with SBC, but among patients with muscle-invasive disease, individuals who were > 75 years of age were less likely to undergo radical cystectomy (14%) than patients who were 55-64 years of age (48%) or 65-74 years of age (43%) [11] . We found similar results in our study. Moreover, in our study, the use of a bladder-preserving approach was predictive of worse OS and BCSS in patients with IBC on multivariate analysis. In addition, the disparity in the CIFs between all-cause deaths and bladder cancer deaths was evident among patients with SBC, and increased with older age and higher comorbidity status. Interestingly, this finding was not present in patients with IBC. We believe that among patients with IBC, radical cystectomy may have a greater effect on patient survival than age and comorbidity, because most of the patients with IBC in our study died of bladder cancer.
As previously mentioned, a more severe comorbidity status was independently associated with an increased risk of all-cause mortality of bladder cancer after controlling for all known confounding factors in our study. Koppie et al. [22] reported that the older ageadjusted Charlson Comorbidity Index score was associated with OS, but not with progression-free survival, in 1 121 patients with bladder cancer who were treated with radical cystectomy (after adjusting for pathological stage and lymph node status). Similarly, Megwalu et al. [23] found that worse comorbidity (as measured by the ACE-27) was associated with worse OS in 675 bladder carcinoma patients (after controlling for age, AJCC stage, histological grade and race). This finding held true for the subset of patients with non-invasive disease and the subset of patients treated with radical cystectomy. In our study on multivariate analysis, moderate-severe comorbidity was predictive of worse OS and BCSS among patients with IBC. The reasons for these disparate findings are not completely clear, but may be related to differences in study populations, study methodology and/or the comorbidity assessment that was used.
There are several limitations to our study. First, it was a single-institution, retrospective study. Another limitation is that the relationship between treatment and outcome was not explored. However, the primary goal of this study was to examine the effect of comorbidity on all patients with newly diagnosed bladder cancer, not the impact it had on a specific subset of patients. The treatments that are delivered for bladder cancer differ dramatically for patients with different stages of disease. They range from local resection alone in patients with low-grade non-invasive disease to chemotherapy in patients with metastatic disease. Treatment is also influenced by patient and physician preference. Because of the complexity involved in assessing treatment effectiveness based on observational data, we were unable to accurately model treatment in this study.
Despite these limitations, our study has certain strengths. Our study population was diverse, as it encompassed patients with all stages of the disease. We did not limit our analysis to one specific disease stage or treatment group. This study, therefore, showed the global effects that age and comorbidity have on bladder cancer outcomes, while also addressing factors that might influence the outcomes of specific subsets of patients. Age and comorbidity were able to independently predict OS and BCSS in bladder cancer patients, and these factors explained the disparity that existed between allcause mortality and bladder cancer-specific mortality in this cohort. Therefore, both tumour-specific variables and patient-specific variables (for example, age and comorbidity) should be evaluated in bladder cancer patients when treatment decisions are being made. In addition, both these types of variables are critical to the npg appropriate design and implementation of clinical trials evaluating bladder cancer treatments.
